
WHAT IS CLAIMED IS: 



1. 



A method for computing all occurrences of a compound event from 



occurrences of primitive events where the compound event is a defined combination 
of the primitive events, the method comprising the steps of: 

(a) defining primitive event types; 

(b) defining combinations of the primitive event types as a compound event 

type; 

(c) inputting the primitive event occurrences, such occurrences being specified 
as the set of temporal intervals over which a given primitive event type is true; and 

(d) computing the compound event occurrences, such occurrences being 
specified as the set of temporal intervals over which the compound event type is true, 
wherein the sets of temporal intervals in steps (c) and (d) are specified as smaller sets 
of spanning intervals, each spanning interval representing a set of intervals. 

2. The method according to claim 1, wherein the spanning intervals take the form 
a [ r [hj] s >e where <2,/?,y,£,e, and ^ are Boolean values, i,j,k 9 and / are 

real numbers, a [ y [i, j] s , e [k represents the set of all intervals a [p,q]p where 

i < y p < 5 j and k < e q <^ /, a [p,q]p represents the set of all points r, where 

p< a r< p q, and x < e y means x < y when 0 is true and x < y when 9 is false. 

3. The method according to claim 2, wherein the compound event type in step (b) 
is specified as an expression in temporal logic. 

4. The method according to claim 3, wherein the temporal logic expressions are 
constructed using the logical connectives V,3,v,A^,0^,and —i, where Granges over 
sets of relations between one-dimensional intervals. 
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5. The method according to claim 4, wherein the relations are =, <, >, m, mi, 0, 
oi, s, si, f, fi, d, anddi. 

6. The method according to claim 5, wherein the compound event occurrences 
are computed using the following set of equations: 

e(M 9 p(c X9 ... 9 c n )) A {i\p(c l9 ... 9 c n )@ieM} 
£(M,<X>v¥) A f(M,0)U^(M,4 / ) 

€(m 9 \/x^) a u - u i, n---ni„ 

— l,6e(M,*[r.=c 1 ]) i n <=e(M Mx-=c n ]) 



£(M 9 3x&) A 



where C(M) = {c x ,... 9 c n } 
U £(M 9 <t>[x:=c]) 



ceC(Af) 

£(Af,-iO) a u - u i;n-ni'„ 



£(M,Oa r v F) A 
£(M,0 R <D) A 



where e(M,0) = {i„...,ij 
U U lU(i,r,j) 

U U9(r,i) 

ief(Af ,0) re/? 



where, 



<J y [i,7]^[*,i] f ]/,>A- 



where / = min(j,/) 
£' = max(/:,0 
Y — y Ai ^ — °° 

S' = S a min( ; , / ) * °° a (; < / v ^ a a /?) 
g' =e Axmx(k 9 i) * -°° a(Jc > ivyApAOt) 

when /< j a1c'<Ia 

[/=/ -> (/ A <?')] A = Z > ( € ' AO] A 
ijz oo /\ f -00 A^'^ooa/^ -00 



{} 



otherwise 
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a, iy, ['I ' h \ » 6 , [*1 > l \ If, ] A f\ [y 2 1*2 ' h \ >e 2 t*2 > k \ 2 1ft 4 

( ai [ r [max(i, , / 2 ), min(;, , y 2 )], , e [max(fc, ,fc 2 ), min(/, , / 2 )] f ]^ > 









i, >i 2 


WilClC y 




/l A /2 








I' 2 










Ji < h 






0j A 0 2 


h = h 






A 


h > h 
















— 






. £ 2 


<fc 2 








/,</ 2 








/,=/ 2 








/,>/ 2 


when a x — 


a ' 2 a 







{ } otherwise 



n a [ r [i,./W*,/] f ] / »A 



'Ut^.Ht.tH-.UJ^U ^ 

U T [-~.~W'>°°l T yU 

< a [T[-°°' l ']^'T [-°°» 00 ]t]/?>U 

(JtI- 00 ' 00 ]™ [-°°. oo ]t]^) u 

^« [t [-°°> 00 It >t [-°°. °°] T L/? > 
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span( [ [i,,;,^^ [*„/, \ 

WwWM,] fl ] A >U 

where j = mm(j x ,j 2 ) 
k = max(k v k 2 ) 

S = [(£, a < j 2 ) v (<? 2 a j, > j 2 )] 
e = [(e, a fc, > fc 2 ) v (e 2 aIc { < k 2 )] 



2)(= i) A {i} 

®(>.«, t M [^.yil^^, tMlU/i,) ^ U (02 Et [ — °°> 00 It 'T t - °°' 7l ]-,a, a-i^! A<5i ]ft ) 

3(m,JJi p ^,JM,] fi :U) ^ U L[ e ,[^/,] f ,, T [-«,H T ] A > 
3(mi, ai [ ri [/„ tM.U A ) ^ a2 U F) < a2 [ T [-~,H T > ri [^7 1 ] (Jl U 1 > 
®(°vJJW,WM,y A ) ^ U < 

s( oi , ai [ ri [i, , 7, \ , Si [k, , /, ] fi ] A ) a U L [ T [-*. y"i >«, A AAr , ft . '1 ] A -a A fl ] A > 
2>(s, ffi [J/,, [^,/,] fl ] A ) a JJ fi WWi Waa^i^W 

2(f,„, [Jw.L^, [M.] fl ] A ) a JJ^[ T [-~j I L,^^ 1 [t 1 ,A]f I ] A > 
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# # 

5 and, 4(i,rj)A |J U U U SPAN(i"J"). 

i€3)(r-\j) i'ei'fli j"effl(r,i) j'ejTlj 

7. A program storage device readable by machine, tangibly embodying a program 
of instructions executable by machine to perform method steps for computing all 

10 occurrences of a compound event from occurrences of primitive events where the 
compound event is a defined combination of the primitive events, the method 
comprising the steps of: 

(a) defining primitive event types; 

(b) defining combinations of the primitive event types as a compound event 

15 type; 

(c) inputting the primitive event occurrences, such occurrences being specified 
as the set of temporal intervals over which a given primitive event type is true; and 

(d) computing the compound event occurrences, such occurrences being 
specified as the set of temporal intervals over which the compound event type is true, 

20 wherein the sets of temporal intervals in steps (c) and (d) are specified as smaller sets 
of spanning intervals, each spanning interval representing a set of intervals. 

8. The program storage device according to claim 7, wherein the spanning 
intervals take the form a [ [i, j] s , e [kj]^]^ , where J,e, and ^are Boolean 

25 values, i 9 j 9 k 9 and / are real numbers, a [ y [i, j] s , e [kj]^ represents the set of all 

intervals a [p,q\p where i< y p < 6 j and k< e q<^ /, a [p,q] fi represents the set of all 
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points r where p< a r<p q, and x< e y means x < y when 6 is true and x < y when 
9 is false. 

9. The program storage device according to claim 8, wherein the compound event 
type in step (b) is specified as an expression in temporal logic. 

10. The program storage device according to claim 9, wherein the temporal logic 
expressions are constructed using the logical connectives V,3,v, A^O^and -i, where 
R ranges over sets of relations between one-dimensional intervals. 

11. The program storage device according to claim 10, wherein the relations are =, 
<, >, m, mi, o, oi, s, si, f, fi, d, and di. 



12. The method according to claim 1 1 , wherein the compound event occurrences 
are computed using the following set of equations: 

£(M,p{c v ...,c n )) A {i| p(c p ...,c B )@ieM} 
£(M,Ov¥) A £(M,<D)ll£(Af,*F) 
£(M,Vjc<D) A U ••• U iiPI-fli, 

where C(M) = {c v ...,c n } 
e(M,3x&) A U €(MMx:=c]) 

~ ceC(A/) 

£{M,-&) a u ••• u iin-ni'„ 

where e(M ,<!>) = {i,,...,i n } 
^M.OaJ) A U U IMi.rJ) 

£(M,<VD) A U U2)(r,i) 

where, 
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where / = min(y,/) 
&' = max(fc,/) 

8' - 8 a min( j, I) * «> A (j < I v a a a /?) 
e' =e a max(fc, i) * a (k > i v y a /? a or) 

f' = £ A /,fcoo 

when /< / a£'</a 

[*=/ ">(/ A £')] A [*' = / ->( € ' AO] A 
I ^ 00 A —00 Ak' Al & -co 



otherwise 



< fli [ y [max(i, , i 2 ), minCy, , ; 2 )] s , 6 [max(£, , A; 2 ), min(/, , l 2 )\ ] A ) 
where y = 

5 = 



e = 



C = 





h > h 








i,<i 2 




h < h 


< 8 X a8 2 


h = h 




h > h 








fcj — 


. £ 2 




'& 


/,<z 2 






[C2 





when a x -a 2 A P x = J3 2 
{ } otherwise 
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U t [-~>~W'>~] t ]a>U 

CtT^^y'Tt- 00 ' 00 ^]/?) U 

(«Lj[;>]t.t[- m . m ] t VU 

^-,a[T[- 00 . 0 °]T.T[- 00 . 00 ]T]-,/>) ; 



where j = min(j l ,j 2 ) 
k = max(k v k 2 ) 

5 = [(<?! A < j 2 ) V (&, A 7, > j 2 )] 

e = [(e, a > fc 2 ) v (e 2 a£, < k 2 )] 



a(=,i) A {i} 

2>(<, a , MWi]**, tM.Ua) A JJ LL^^lk^riji-™,™]^) 

2>(>.«, MWi V*. ^ U L[ t [- m . m ] t .t [^.^A^W 

p 2 €lT,l-j 
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[*p°°] t ] A > 

3>( s , ai [ n [i, , , Si [k x A (J C, [ ri ft . \ aA . ~] T ] A > 

p 2 €{J,t-) 

®( f j Wi]*»« 1 [*i»'i ]<•,]*) ^ y < [MiUa> 

®( d >*, [ W ft > 7. ^ 'e, IK » A If, ] A ) £ U C [ T [— , h aA ft > ~] T 1 A > 

A- A Af,] A ) 



and, 4(i,rj)A |J U U U SFAN(i"j"). 

feg)(r- ! j) i'emi je3)(r,i) j'ejTli 



13. A computer program product embodied in a computer-readable medium for 
implementing the computation of all occurrences of a compound event from 
occurrences of primitive events where the compound event is a defined combination 
of the primitive events, the computer program product comprising: 

(a) computer readable program code means for defining primitive event types; 

(b) computer readable program code means for defining combinations of the 
primitive event types as a compound event type; 

(c) computer readable program code means for inputting the primitive event 
occurrences, such occurrences being specified as the set of temporal intervals over 
which a given primitive event type is true; and 
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(d) computer readable program code means for computing the compound event 
occurrences, such occurrences being specified as the set of temporal intervals over 
which the compound event type is true, wherein the sets of temporal intervals in steps 
(c) and (d) are specified as smaller sets of spanning intervals, each spanning interval 
representing a set of intervals. 

14. The computer program product according to claim 13, wherein the spanning 
intervals take the form a [ [i 9 j] s , e [k, l]^ ] p , where a,fi,y,S,e, and £ are Boolean 

values, and / are real numbers, a [ y [i,j] 5 ^ [kJ\]p represents the set of all 

intervals a [p,q]p where i< y p < 5 j and k< e q<^ /, a [p,q] p represents the set of all 
points r where p< a r<^q, and x < e y means x < y when 0 is true and x < y when 
0 is false. 

15. The computer program product according to claim 14, wherein the compound 
event type in (b) is specified as an expression in temporal logic. 

16. The computer program product according to claim 15, wherein the temporal 
logic expressions are constructed using the logical connectives V^v^^O^and -i, 
where R ranges over sets of relations between one-dimensional intervals. 

17. The computer program product according to claim 16, wherein the relations 
are =, <, >, m, mi, o, oi, s, si, f, fi, d, and di. 

18. The method according to claim 17, wherein the compound event occurrences 
are computed using the following set of equations: 
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£(M,p(c„...,c n )) A {i | p(c, c„)@ieM} 

£(M,<E>v40 A £(M,<D)U£(M,¥) 
£(M,V^>) A U - U i,n-n 

where C(Af ) = {c,,...,c n } 
e(M,M) A U £(M,<I>[jc:=c]) 

— ceC(Af) 

a u ••• u iin-nii 

where f(M,0) = {i„...,i„} 
flM.OA^) A U U LMi,r,j) 

£(M,0 R <I>) A U Ua(r,i) 

~" ie£(A/,*)re/? 



where, 



where / = min(j,/) 
£' = max(A;,0 
Y -y A i^-oo 

S f ~S a min( 7, /) * °° a (7 < Z v ^ a or a /?) 
e' =e a max(fe, i) * -oo a (fe > z v y a p a a) 

when i< f a k' < I a 

[/=/ -> (/ A <T)] A [*' = / -> (€' AO] A 

[i = Z->(flfA^)]A 

I>ooa / ^ — oo A fc' oo A / ^ — oo 



{} 



otherwise 
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( ai [ r [max(i, , i 2 ), minO', , j 2 )] s , e [max(fc, ,fc 2 ), min(/, , l 2 )\ ] A > 









*1 >«2 


where y = 






ij = i 2 








h < h 






r o 


h < h 


8 = 






h = h 






A 


h > h 










e = 






k j — 








/^j ^ /^2 








z,</ 2 


<r = 




£ A ^2 


l x =l 2 










when a x - a 2 


A 







{} otherwise 



'Ut[-~>~J t >t[-~>*LJ/j>U i 

CM -00 ' 00 ]™ [-°°,°°] T ]^) U 
CM -00 ' 00 ]™ [-°°,«»] T ]^)U 

^{JtH.Ht.tKHt]^) ; 
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SPAN ( a , 

"U '<*2 ^2 

where; = min( i / I , ; 2 ) 
A: = max(fc,,fc 2 ) 

£ = [(<?, a y, < 7 2 ) v (£ 2 a > j 2 )] 
e = [(£[ a A:, > A; 2 ) v (€ 2 a£, < & 2 )] 



9)(=,i) A {i} 

af;,/^€{T,F} 

a>(mi, [Jw.V*. [^,/,] fi ] A ) a U LW^-lr.nR.AL,) 

9(<^JJWiWMUa> A U t < [*p°°] t ] A > 
2)(oi, ai [ ri [i,,7,] 5i , ei [*„i,] fl ] A ) A U < <% [ T [-^ 0 .;iL,^.^A n ['i^]flA- A Af 1 ]A> 

2>(s, a , [JwJv*, ttvhW A y U^w, [*„-] T ] A > 

2)(si, Ci [JwJ**, A y U^Wi W^'A Wac,] a > 

®( f , a , [ n [i, , j x „, [*, , k \ \ ) A y L [ T [-oo, ]^ A02 aSi , Si , /, ] fi ] A > 
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c*2 [ffj A-icr2 A Xi ^ ' °° '€! 

«2G{T,F} 

Of 2 ,/> 2 e(T,F} 

and, 4(i,rj)A [J U U U SPAN(i"j"). 

i'effl(i--\j) i'ei'fli /€3(r,i) re/flj 
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